Interpenetrating network (IPN) microspheres of sodium alginate (NaAlg) and poly (vinyl alcohol 
Introduction
IPN is a polymer comprising two or more networks which are at least partially interlaced on a polymer scale but not covalently bonded to each other. The network cannot be separated unless chemical bonds are broken. The two or more networks can be envisioned to be entangled in such a way that they are concatenated and cannot be pulled apart, but not bonded to each other by any chemical bond [1, 2] .
Controlled release technology has important potential in the fields of medicine, pharmacy and agriculture. In these areas natural polymeric materials have been preferred over synthetic polymers due to their low cost, nontoxicity, easy availability and biodegradability properties [3] [4] [5] . Biodegradable polymers derived from NaAlg and PVA have shown to be useful in pharmaceutical industries due to their ability for drug release [6] [7] [8] . Sodium Alginate (NaAlg) is a biodegradable polymer that has been widely used in controlled release applications of pesticides [9] [10] [11] [12] and drugs [13, 14] .
Poly(vinyl alcohol) (PVA) is also a suitable polymer for drug release because of its desirable properties such as nontoxicity and noncarcinogenicity and has been used in many studies due to its biocompatibility. However it is difficult to prepare beads from this polymer due to its poor stability. A blending technique can be considered as a useful tool for the preparation of new alginate beads with PVA to increase the bead forming ability in aqueous medium. PVA can strongly interact with NaAlg through hydrogen bonding on a molecular level. For this reason in several studies, NaAlg and PVA were chosen for the microsphere formation and successfully crosslinked with glutaraldehyde [15, 16] .
Naproxen Sodium (NS) is a non-steroidal and anti-inflammatory drug with analgesic properties however gastrointestinal side effects such as bleeding, ulceration or perforation were commonly seen when this drug was used. For this reason it is important to obtain prolonged or controlled drug delivery to improve bioavailability or stability and to target the drug to a specific site.
According to our literature survey there is no report available about the formation of IPN structure of PVA with NaAlg for the controlled release of NS in pH 1.2, 6.8 and 7.4 medium. The present investigation is related to the in vitro release studies on IPN microspheres formulations loaded with different amounts of NS. Release characteristics of the formulations were studied for their exposure time to cross-linking agent, at different amounts of NS and polymers.
Materials and Methods

Materials
NaAlg (medium viscosity) was purchased from Sigma Chemical Co. (St. Louis, MO). PVA was procured by Merck (Darmstadt, Germany). The molecular weight and degree of saponification of PVA were 72000 and greater than 98%, respectively. Span-85, GA (25% w/w), hydrochloric acid, light liquid paraffin, hexane, Na 2 HPO 4 and NaH 2 PO 4 used in this study were all supplied by Merck. A gift sample of NS was obtained from Novartis (Summit, NJ).
Preparation of the IPN Microspheres and Drug Loading
IPN microspheres of PVA and NaAlg were prepared by emulsion-crosslinking method and GA was used as a cross linking agent. NaAlg was dissolved separately in distilled water at different concentrations by stirring. After PVA was dispersed in NaAlg solution and stirred overnight to obtain a homogeneous solution, required amount of drug was dispersed in the polymer solution.
The drug loaded polymer solution was emulsified into light liquid paraffin to form water-in-oil (W/O) emulsion using a high speed stirrer in a beaker containing light liquid paraffin oil, Span-85 (2% (w/v)), 0.1 M HCl and the required amount of GA. The microspheres formed were filtered, washed repeatedly with n-hexane and water to remove the oil as well as excess amount of surfactant and unreacted GA. These microspheres were dried in oven at 40˚C and stored for further analysis. The microspheres were prepared with different formulations which were presented at Table 1 . A schematic representation of the structure of IPN is given in Figure 1. 
Fourier Transforms Infrared Spectroscopy (FTIR)
FTIR spectral measurements were performed with a Mattson 1000 FTIR spectrometer (Welwyn Garden, England) to confirm the presence of crosslinking and drug in PVA/NaAlg.
Optical Microscopy Study
Optical microscope imaging was performed using Leica L2 optic microscope (California, United States).
Swelling Studies
The equilibrium swelling degree of the crosslinked empty IPN microspheres was determined by measuring gravimetrically the extent of their swelling in pH 7.4 buffer solution at 37˚C. To ensure complete equilibration the samples were allowed to swell for 48 h. The excess surface-adhered liquid drops were removed by blotting. The swollen microspheres were weighed using electronic balance (Precisa XB 220 A, USA). The microspheres were then dried in an oven at 40˚C, until there was no Copyright © 2011 SciRes. JBNB change in the dried mass of samples. The percent equilibrium swelling degree was calculated as follows:
Equilibrium swelling degree (%) = 100
where M s and M d are the mass of the swollen and dry microspheres, respectively.
Entrapment Efficiency
Required amount of dry microspheres was crushed in an agate mortar with a pestle, stirred with water and refluxed at 25˚C for 1 h, to ensure the complete extraction of NS from the beads. At the end of the 1 h, precipitated microspheres were filtered and NS was analyzed by using a UV spectrophotometer (Unico 4802 UV/VIS) at a wavelength of 271 nm. The percentage of entrapment efficiency was then calculated as follows:
Practical loading Entrapment efficiency (%) 100 Theoretical loading  
In Vitro NS Release
In vitro drug release from the IPN microspheres was studied at pH 1.2 HCl solution, pH 6.8 and pH 7.4 phosphate buffer solutions and incubated in a shaking water bath (Medline BS-21, Korea) at 37˚C. At 2 h intervals medium was changed to be pH: 1.2, 6.8 and 7.4, respectively. At specific time intervals, the NS content was determined using UV spectrophotometer at 271 nm. Analyzed solution was added back to the dissolution media to maintain a constant volume. From the absorbance values the cumulative released amount percentage was determined. All experiments were performed in triplicate to minimize the variation error. The average values were used for further data treatment and plotting.
Results and Discussion
Characterization of Microspheres
Results of FTIR spectra for powder NS, NaAlg, PVA, empty IPN microspheres and NS loaded IPN microspheres are shown in Figure 2 . The entire bead formulations showed a broad band between the 3000 and 3500 cm -1 , which was attributed to -OH stretching vibrations. The peak at 1618 cm -1 in the spectrum of NaAlg is due to the stretching band of carbonyl stretching (C=O). A broad characteristic peak at 1625 cm -1 is due to the C=O of the NaAlg polymeric chain and unhydrolyzed part in PVA in the IPN. In the spectrums of NaAlg, PVA and IPN appear stretching bands of C-H group at 2940 cm -1 , 2986 cm -1 and 2920 cm -1 , respectively. As it is seen from Figure 2 the intensity of -OH peak corresponding to crosslinked IPN is narrower than the uncrosslinked NaAlg and PVA as the evidence of crosslinking.
Optic microscope images of dried NS loaded IPN microspheres were shown in Figure 3 . As it was reflected from the figure, microspheres almost maintain their spherical form.
Swelling results were shown in Table 2 . Swelling characteristics depends upon the amount of polymer. Equilibrium swelling (%) increased with increasing amount of PVA in the IPN matrix. Since PVA and NaAlg are water soluble polymers, the swelling of IPN will increase due to their higher water uptake.
In Vitro Release Study
% Cumulative release results were shown in Figure 4 for 50% (wt) NS loaded IPN microspheres. The formulations of these microspheres were given in Table 1 as A1, B1, C1 and D1. Similarly release results for 33% (wt) and 20% (wt) NS loaded microspheres were shown in Figure 5 and Figure 6 , respectively. % 33 NS loaded IPN microspheres were formulated as A2, B2, C2, D2 and % 20 NS loaded IPN microspheres were shown as A3, B3, C3, D3. It was seen from the figures that NaAlg microspheres produced nearly 92% cumulative drug release in 10 h, whereas IPN microspheres produced up to 80% cumulative release at the end of the 10 h. Alginate is a natural water-soluble polymer and contains hydroxyl and carboxyl groups, which impart hydrophilicity to the molecule. On the other hand PVA is virtually a linear polymer with a small hydrated volume compared to alginate and thus PVA produces a compact network of macromolecular chains in the IPN. The release rates of NS to an external medium are more difficult compared to the NaAlg microspheres. Similar results can be found from the published reports [16, 17] . In the study of Krishna Rao and coworkers, controlled release of cefadroxil from IPN microspheres based on chitosan, acrylamide-graftedpoly(vinyl alcohol) and hydrolyzed acrylamide-graftedpoly(vinyl alcohol) were investigated. They have reported that the blend microgels have shown longer drug release rates than the plain chitosan microgels.
Effect of 33 % (wt) NaAlg content in formulations B1, B2 and B3 on the release rates were presented in Figure  7 . Also release studies were done for 50 % (wt) and 66 % (wt) NaAlg content and release results were shown in Figure 8 and Figure 9 , respectively. The microspheres containing % 50 NaAlg has the formulations given in Table 1 as C1, C2, C3 and the microspheres containing % 66 NaAlg has the formulations given in Table 1 as D1, D2, D3.
Release results showed that formulations containing the highest amount of NS (50 wt%) displayed higher release than those formulations containing low amount of NS. As the amount of drug increased from 20% to 50%, the % cumulative release rate increased from 26 to 84. This is obvious that as the amount of NaAlg increases in the matrix, diffusion of NS occur faster and higher from the swollen IPN [17] . Ramesh Babu and coworkers prepared IPN microgels of sodium alginate-acrylic acid for the controlled release of ibuprofen. They reported that formulations containing the highest amount of drug (75%) displayed faster and higher release rates than those formulations containing a small amount of ibuprofen.
Effect of Crosslinking Agent on the NS Release
Varying exposure time of microspheres to GA at a fixed amount of the NS/polymer ratio (20 wt%) are displayed in Figure 10 which clearly indicates that with increasing exposure time to GA (5 -15 min), the cumulative release decreases. Increasing exposure time to GA results in an increase in the crosslink density of the beads which gives rise to a compact network of macromolecular chains. As expected, the release of NS becomes slower at higher of GA, but becomes faster at lower amount of GA. The maximum NS release was obtained as 80% from the microspheres prepared with an exposure time of 5 minute.
To understand the extent of crosslinking of the polymer, it is necessary to calculate the molar mass (M C ) between the crosslinks of the polymer. M C can be calculated from the equilibrium swelling volume of the polymer in a solvent [13] .
Degree of crosslinking of polymer beads was calculated using Flory-Rehner equation as given below:
where   Molar masses between crosslinking and polymer calculated for the NS loaded beads are presented in Table 3 .
As it is seen from Table 3 when the crosslinking of the polymer increased M c values decreased, since the network becomes more intensive structure. Also, the M c values increased with an increase in NaAlg content of the formulation, indicating an intensive structure.
Analysis of Kinetic Results
Solvent sorption by a microsphere depends mechanistically on the diffusion of water molecules into the gel matrix and subsequent relaxation of macromolecular chains of the microsphere [19] . The release data of all the systems have been further substantiated by fitting the fraction release data t M M  to an empirical equation proposed by Peppas [20] . 
where p  and S  are the densities of the polymer and solvent, respectively. M a and M b are the mass of the polymer before and after swelling, respectively. V s is the molar volume fraction of the polymer in the swollen state.
In the equation, t M is the amount of NS released at time t and M  is the drug released at equilibrium time; k, a constant characteristic of the drug-polymer system; and n, the diffusional exponent which suggests the nature of the release mechanism. Fickian release is defined by initial 1 2 t time dependence of the fractional release for slabs, cylinders and spheres. Analogously Case-II transInteraction parameter  can be calculated from the Flory-Rehner equation [18] . port is defined by an initial linear time dependence of the fractional release for all geometries [21] . A value of n; 0.5 indicates the Fickian transport (mechanism), while n; 1 is of Case II or non-Fickian transport (swelling controlled). The intermediary values ranging between 0.5 and 1.0 are indicative of the anomalous transport. The least squares estimations of the fractional release data along with the estimated correlation coefficient values, r, are presented in Table 3 . From these data, the n value ranged between 0.6538 -1.3475, indicating that, NS from the microspheres slightly deviates from the Fickian transport.
Conclusions
This work demonstrates the effective encapsulation of NS into NaAlg and PVA to produce IPN microspheres by emulsification crosslinking method. The IPN microspheres demonstrated better controlled release results than pure NaAlg, indicating the suitability of IPN for microsphere preparation. The crosslink density was signicantly affected by the amount of GA and the polymers in the formulations. The release of NS was found to be dependent on the extent of crosslinking, the amount of drug loading and the polymer content of the matrix. The release mechanism showed a slight deviation from the Fickian behavior. It can be concluded that microspheres prepared in this study can be effectively used as a controlled release device for the release of NS.
